Introduction
In France, non-recoverable radioactive wastes coming from spent nuclear fuels are stored in alumino borosilicate glassy matrices. It is envisaged to store them in a deep geological repository to isolate them from the rest of the environment. These glasses will be subjected to internal irradiations, and after some hundreds of years, to water corrosion due to the arrival of the groundwater in contact with them. Studies are carried out to quantify the radiation and water corrosion effects to characterize the long-term waste package behavior. Experimental and numerical approaches have been considered in order to study the variations of the structural and mechanical properties under irradiation.
Experimentally, it has been shown, on industrial and simplified glasses doped with short lived actinides or irradiated externally by heavy ions, that the elastic effects lead to different structural (decrease of the polymerization glass networks, increase of the disorder) and mechanical modifications (swelling, decrease of the hardness, increase of the fracture toughness, increase of the internal energy). A computational approach using classical molecular dynamics has been developed in parallel to clarify the correlations between the structural and mechanical property changes. This presentation will expose the main results from our simulations.
Computational method
An empirical pair potential of the Buckingham form has been developed recently to model atomic interactions [1] . Hence the interaction between any (i,j) pair of constituent atoms is modelled using the following relation:
The adjustable parameters have been determined in order to reproduce structural and elastic properties of a set of SiO 2 -B 2 O 3 -Na 2 O glasses. A dependence between the ionic charges and the glassy compositions has been introduced in order to reproduce the Boron anomaly, i.e. the nonlinear evolution of the B coordination versus the R(=[Na 2 ]) ratios. These potentials were then used to study fracture mechanisms and nanoindentation in pristine and irradiated simplified nuclear glasses.
Results
The three simulated glass compositions are the following: SBN12 glass: 59.6%SiO 2 The fracture simulations have made possible to identify the different steps leading to the cracking of the materials [2] . Under the application of an external tensile stress, nano cavities are firstly formed. Then they begin to coalesce as the external stress increases forming increasingly large voids until the complete opening of the structure. During the fracture process, two different behaviors have been noticed: the Si and 4-coordinated B atoms on one hand accumulating stresses in their local environments, and, on the other hand, the 3-coordinated B and Na atoms adapting themselves much more easily to the local stress changes and then facilitating the viscous flow. This observation has made possible to propose an explanation of the origin of the fracture toughness increase in the simplified SBN14 glass. The radiation effects induce a decrease of the average B coordination, with a rise of the 3-coordinated B concentration. In consequence, the plasticity of the material increases, and the energy cost needed for the sample breakage is larger, hence the fracture toughness increase.
Concerning the nanoindentation simulations [3] , a Vickers indenter in diamond has been pushed then removed from a simulation box and, using the loading -unloading curves, the hardness values have been quantified (Fig. 1 ). With the increase of the disorder, a systematic hardness decrease is observed [4] in the three glassy compositions that has been correlated to an increase of the 3-coordinated B and non-bridging oxygen concentrations. Taking into account the disordering and depolymerization effects, this study using the classical molecular dynamics method has therefore allowed reproducing changes of the mechanical properties analogous to what has been observed in simplified nuclear glasses irradiated externally by heavy ions. Thus, the structural origins of these changes have been better understood.
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